Objectives. To estimate the annual burden of diarrhea and of diarrhea that is associated with rotavirus (RV) in children who are treated at public clinics and hospitals in Honduras.
Diarrhea is a leading cause of illness and death among children in developing countries, and rotavirus (RV) is the most common etiologic agent (1) . Consequently, the recent licensure of two new vaccines raises the prospect that this major childhood illness could soon be preventable (2) . One RV vaccine, Rotarix (GlaxoSmithKline Biologicals, Rixensart, Belgium), which is administered in three doses (3) , was first licensed in more than 10 Latin American countries during 2004 or 2005. 5 In addition, Rotarix will soon become part of Brazil's routine national immunization program (4) . A second vaccine, RotaTeq (Merck and Company, Whitehouse Station, New Jersey, United States of America), which is administered in two doses (5) , has been licensed in the Europe, Mexico, and the United States of America, and it could soon be available for more widespread use (6, 7) . The ability of these potentially life-saving vaccines has raised the need for countries to fully assess the burden of the disease in their own settings so that they can determine the value of the vaccine there, as well as the cost at which vaccine introduction would be within their reach.
RV vaccines will likely be introduced in the Americas before distribution in other regions of the world (8) . Rotarix is already sold in the private markets of some Latin American countries for as much as US$ 50 per dose (9) , bringing the total cost of a full course of this vaccine to US$ 150 per child. However, the final cost of the vaccines has not been determined, and the true impact of the vaccines on severe and fatal disease will not be appreciated until the vaccine enters routine childhood immunization programs in these countries. Honduras is one of the six poorest countries in Latin America, with a per capita income below US$ 1 000 annually, but investment in health care is a national priority, and vaccine coverage rates are high (> 90%) (10) . Honduras is also an early adopter of new vaccines, and it was one of the first in Latin America to successfully introduce a pentavalent vaccine against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b (Salvador Garcia, Pan American Health Organization, Washington, D.C., personal communication, 22 January 2004) . The successful introduction of new vaccines, high immunization rates, and low per capita income make Honduras eligible for financial support for new vaccine introduction through the Global Alliance for Vaccines and Immunizations (GAVI) and the Vaccine Fund (11) . GAVI is a partnership of both national and international public and private organizations, including UNICEF, the World Health Organization (WHO), the World Bank, pharmaceutical companies that manufacture vaccines, national ministries of health, nongovernmental organizations, and private donors, that aims to increase access to vaccines in developing countries. The Vaccine Fund is the financing resource created by the GAVI partners to support GAVI's goal. If there were a substantial burden of RV disease in Honduras, the country would be a good candidate for the early introduction of an RV vaccine, provided that the cost could be met with local resources. However, solid evidence from Honduras is needed in order to document the burden of RV disease and to estimate the cost-effectiveness of a vaccination program for the country.
In Honduras, Government hospitals and clinics provide most treatment for diarrhea diseases (10) . The introduction of a vaccine could therefore have a measurable impact on outcomes that are routinely monitored by the Office of the Secretary of Health (Secretaría de Salud) (OSH).
To assess the burden of RV disease in Honduras, we reviewed surveillance data compiled by the OSH on hospitalizations, clinic visits, and deaths due to diarrhea. We linked this information with data on the rates of RV detection that might be expected among children with diarrhea seen in these settings. We concluded by estimating the burden of RV disease, in anticipation of more comprehensive data that will be coming in one to two years from a national sentinel hospital surveillance program that has been established at six hospitals throughout the country.
METHODS
To estimate the burden of childhood diarrhea leading to clinic visits, hospitalizations, and deaths, we reviewed the computerized records of the OSH on hospitalizations and clinic visits for diarrhea among children < 5 years old for the years 2000 through 2004.
Using that data, we calculated the mean number of medical consultations, hospitalizations, and in-hospital deaths annually. We collected data on diarrhea-related events from four sources (Table 1) . Visits for acute gastroenteritis to all public clinics (N ≈ 1 200) and all public hospitals (N = 28) were obtained from the OSH, which funds and provides care to approximately 60% of the population of Honduras (10) . The OSH has traditionally divided public health infrastructure in the eighteen political divisions (departments) of the country into eight health regions, each encompassing several departments, and one metropolitan region, which is the capital and largest city, Tegucigalpa (10) . Each public clinic and hospital regularly reports the number of visits and hospitalizations for diarrhea by age group to the OSH. Deaths occurring in hospitals are recorded in discharge records, which are regularly reviewed and compiled.
Additional mortality data were obtained from the 2001 National Survey of Epidemiology and Family Health (NSEFH 2001) (Encuesta Nacional de Epidemiología y Salud Familiar) (12) . As part of NSEFH 2001, a total of 3 936 mothers of children < 5 years of age were interviewed between 21 February and 19 August of 2001, about their children's health, immunization history, and symptoms and treatment for diarrheal episodes in the preceding 15 days. The women were selected systematically: One woman of childbearing age with children < 5 years old living in the household was selected from 12 000 households in 400 randomly selected census tracts (30 households per tract). The selected census tracts were located throughout Honduras, except for a sparsely populated, remote eastern department (Gracias a Dios) and the department (Islas de la Bahia) that is composed of three small islands in the Caribbean Sea. Responses were weighted by the number of children < 5 years old in the household. If it was found that a child had died, the circumstances surrounding the death were explored. Among the questions were whether a death certificate had been obtained, and if the death had been registered with civil authorities.
To determine the likelihood that a diarrhea event was caused by RV, we developed estimates from two studies that examined RV diarrhea in Honduras, and we compared these results with findings from other studies in the Latin America. One community-based study in Honduras followed 268 children < 5 years of age for diarrhea episodes over the course of a year. RV was detected in 15% of children who developed diarrhea, and it was observed most frequently from November to March in children ≥ 13 months of age (13) . In the second Honduran study (14) , children with diarrhea who were seen in an emergency room over a 24-month period were enrolled in a trial evaluating Saccharomyces boulardii for the treatment of acute diarrhea. RV was detected in 43% of samples tested from 521 children < 5 years old. A recent review of selected studies of RV in Latin America yielded a median detection rate of 30% among children in the outpatient setting and of 38% among children who were hospitalized with more severe disease (15) . From these data we extrapolated RV detection rates of 30% for outpatients (15) and of 43% for inpatients (13) . We multiplied these figures by the mean annual number of clinic visits and hospitalizations derived from the Honduran data. To calculate the deaths attributable to RV, we applied the RV estimate for severe cases leading to hospitalization (43%) to the number of diarrheal deaths each year in Honduras extrapolated by two methods.
Since only approximately 15% of all deaths are reported through hospital discharge records (16, 17) , we first estimated the total number of deaths due to diarrhea by dividing the number of in-hospital deaths due to diarrhea by 0.15. The second method that we used to estimate the overall burden of diarrheal disease was developed by Parashar et al. (1) . The method took the number of deaths among children < 5 years, which was estimated by multiplying the mortality rate of those < 5 years old (48/1 000 live births (18) ) by the mean size of an annual birth cohort (N ≈ 200 000 (18)). This number was then multiplied by 0.17, for the 17% of those deaths attributable to diarrhea, in line with the country's per capita gross national product (1) .
We calculated the cumulative risks of a diarrhea-related and of a rotavirusrelated event per child from birth to age 5 years. To derive this risk, we assumed that the number of all diarrhearelated or rotavirus-related events that would occur in a single year among a group of children < 5 years old would be equal to the number of events occurring in a one-year birth cohort of children followed to age 5. We expressed each cumulative risk as the ratio of one to the average size of a oneyear birth cohort divided by the number of specific events (consultations, hospitalizations, and deaths). The cumulative risk of diarrhea-related consultation, for example, was expressed as one to the quotient of the average birth cohort and the average number of diarrhea-related consultations in one year.
Finally, to examine the seasonality of diarrhea-related events, we plotted the monthly number of consultations and hospital discharges among children < 5 years of age as a function of time, and we calculated and graphed the median number of events per year. We shaded the portions of the curve that met two criteria suggestive of a "RV season": (1) where for a period of two or more months the number of consultations and hospitalizations exceeded the annual median and (2) that occurred between November and March, the period of the year when RV has been documented to circulate in Honduras and in neighboring countries (13, (19) (20) (21) .
RESULTS
From 2000 to 2004, OSH computerized records for public facilities identified a mean of 222 000 consultations annually for diarrhea among children < 5 years old (range: 196 100 to 247 169), 4 390 hospital discharges (range: 3 809 to 5 513), and 162 inhospital deaths (range: 38 to 182) ( Table 2 ). Studies in Latin America and Honduras reported RV detection rates (10) . c~ 15% of all deaths are reported through hospital discharges (16, 17) .
of 30% for outpatients (15) and 43% for inpatients (13 (18)), every child will require a consultation for diarrhea, 1:46 will be hospitalized, and 1:1 235 will die in a public hospital by their fifth birthday. Rotavirus-related risks would be 1:3 for consultation, 1:106 for hospitalization, and 1:2 857 for an in-hospital death. We estimated the total number of diarrheal deaths, and subsequently rotavirus-related deaths, by two methods (Table 2 ). Since in-hospital deaths were estimated to represent only 15% of all deaths in Honduras (16), we directly extrapolated total deaths due to diarrhea from the total number of inhospital deaths by dividing the mean number of in-hospital deaths per year (n = 162) by 0.15, resulting in 1 080 deaths annually, for a risk of 1:185 for a diarrhea-related death by age 5 years. When we used an alternative method based on national mortality statistics for children < 5 years old and estimators presented in a worldwide assessment for the fraction of diarrhea cases attributable to RV, we arrived at 1 632 deaths and an approximate risk of 1:123 for diarrhea-related death by age 5. For rotavirus-related deaths, given a 43% detection rate, the annual numbers of deaths from RV were estimated to be 464 with the first method and 701 with the second method. Therefore, the risks of a child dying of rotavirus-related diarrhea by age 5 years would be 1:431 with the first method and 1:285 with the second method.
Rates of diarrhea consultations were plotted for the eight health regions of the country (Figure 1 ). The lowest rates were in the central and northwestern regions. The highest rates were in the Atlantic coast and in the western health regions. The regions with high rates maintained their higher rates throughout the period studied.
The b~ 15% of all deaths are reported through hospital discharge records (16, 17) . c Method 1 = number of in-hospital deaths divided by 0.15. d Method 2 = (mortality among those < 5 years old) × (birth cohort) × (proportion of deaths attributable to diarrhea). The mortality among those < 5 years old is 48/1 000 live births (17) , the birth cohort is 200 000 (18) , and the proportion of deaths attributable to diarrhea is 17% (1).
FIGURE 1. Map of Honduras, with mean annual rates of consulations for diarrhea among children < 5 years by region, 2000-2004 a
Consultations for diarrhea per 100 children/year number of children who died of diarrhea. Among the 3 936 children < 5 years old whose health was surveyed through the interview of their mothers, a weighted 22% had acute diarrhea in the 15 days prior to the interview. (The methods of the weighting process are described elsewhere (12)). Of this 22%, 49% were brought for consultation to a physician or clinic, 30% received oral rehydration solution, and 2% required hospitalization (12) . Diarrhea and respiratory illnesses were the leading causes of death in the postneonatal period. Of 281 children who died from causes other than accidents, 50 (18%) died of diarrhea. Nearly half of the 50 (n = 23) died during the RV season (November to March), with 12 (24%) in the month of December alone. Most (80%) deaths occurred outside of hospitals (34 at home, 10 in the hospital, and 6 elsewhere). Despite the mother recalling evidence of severe disease with dehydration (sunken eyes, depressed fontanelle, loss of skin turgor, and/or oliguria) in 47 of the children who died of diarrhea, 15% (n = 7) were not brought for evaluation and care to a health care facility. Only 16% (n = 8) of the children with a diarrhea-related death (n = 50) had been issued a death certificate. Examination of the temporal trends of diarrhea-related events demonstrated that the monthly number of hospital discharges had two peaks, one in the early months of the year (January to April) and one in mid-year (June to August) (Figure 2) . The findings of a community-based study in Honduras (13) suggest that the peak between January and April is likely attributable to RV, and could be termed the "RV season," while the peak between June and August is likely due to bacteria pathogens, as indicated by diarrhea surveillance among children in a neighboring country (20) . This two-peak profile was more evident with hospital discharges than with consultations. The June-August peak for consultations was significantly larger than that in JanuaryApril, indicating that bacterial diarrheas remain a significant problem. However, for hospitalizations, the peaks were generally comparable, and in one case (the early peak of 2004) the early-year, January-April peak exceeded the mid-year, June-August peak. The number of in-hospital deaths per month was small and incomplete, limiting our ability to plot that. However, a curve with early-and mid-year peaks was observed, which lends additional evidence for the seasonal pattern of severe diarrhea in Honduras (data not shown).
DISCUSSION
Diarrhea is an important cause of illness and death in Honduras among children < 5 years of age treated in public clinics and hospitals, causing more than 200 000 consultations, 4 000 hospitalizations, and 1 000 deaths each year. This study provides baseline estimates of the burden of RV disease occurring each year: nearly 70 000 consultations, almost 2 000 hospitalizations, and between 464 and 701 deaths among children < 5 years old. The peaks in diarrhea-related consultations, hospitalizations, and deaths occurring between January and April suggest that RV is an important cause of severe disease early in the year (the "RV season"). Furthermore, while the mid-year and early-year peaks of diarrhea hospitalizations are similar in size, medical consultations are more numerous mid-year, suggesting that RV illnesses are more severe and more likely to result in hospitalization.
We were unable to assess the number of diarrheal illnesses treated at home or in private facilities. However, NSEFH 2001 data indicated that fewer than half of children with diarrhea are brought for consultation, and only one quarter received oral rehydration solution, highlighting that improvement in home and outpatient treatments could be instituted to prevent severe illness. Among fatal cases of diarrhea, 80% died outside of hospitals, and 15% of children with diarrhea and signs of dehydration did not receive care at any facility. Furthermore, only 16% of the deaths were reported to civil authorities and issued death certificates.
The risk of RV-related events for a child in Honduras differs from the estimates published for several other countries in the Americas (Table 3) . Not corrected for cases occurring outside of public hospitals in Honduras, for a Honduran child, the risk of hospitalization was lower than it was for a child in Argentina (23), El Salvador (20), Peru (22) , the United States (25) , and Venezuela (24) . However, the risks for consultation and for death were higher in Honduras than in the other countries. All these other countries have per capita gross national incomes that are from 2 to 40 times the level in Honduras (26) . The lower risk for hospitalization but higher risk for consultation and death for a child born in Honduras may reflect incomplete reporting of children visiting facilities other than the Government ones, or issues of access to health care services. This supports the finding by Parashar et al. (1) that RV illness has worse outcomes in poorer countries. Our estimates of the need for a clinic visit due to RV diarrhea in Honduras were comparable to the worldwide estimate of 1:5. However, our estimates were higher than the worldwide estimates for RV-related hospitalizations of 1:65 and for deaths of 1:293.
Our estimates of the burden of disease due to diarrheal illness have some real limitations. In addition, our estimates of the burden of RV are conservative and limited by available data, which are incomplete. We have not corrected for the proportion of children cared for outside of Government facilities. The lack of care at public health facilities for children with fatal illness, as indicated by the NSEFH 2001 findings, suggests that a segment of the population is not represented in the data flowing from public clinics and hospitals. However, our survey did not explore facility access.
The scarcity of information on RV in Honduras underscores the need for better data. The need is magnified because many countries of Latin America will likely consider the need for RV immunization in the near future, and the effectiveness of the vaccine cannot be measured without good baseline data and a mechanism to measure impact. A key factor in considering vaccine introduction in Honduras is the policy that most hospital and clinic care is provided at public facilities and paid for by the Government. Honduras, ya que alrededor de 51% de los niños con diarrea aguda no reciben atención médica formal por esa enfermedad, 70% no reciben sales de rehidratación oral y 80% de las muertes por diarrea ocurren fuera de los hospitales. Conclusiones. La diarrea es una importante causa de enfermedad en niños menores de 5 años en Honduras y la infección por RV es posiblemente su causa más frecuente. Estos estimados preliminares deben precisarse más para que los encargados de la planificación sanitaria en Honduras puedan tomar decisiones acerca de la aplicación de vacunas contra el RV en el futuro. En Honduras se estableció un programa basado en hospitales para la vigilancia de la infección por RV y para responder a esa necesidad.
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La diarrea infantil en Honduras, 2000-2004:
estimados del papel desempeñado por el rotavirus
Palabras clave
El libro es una referencia necesaria para médicos, enfermeras, nutricionistas y otros técnicos sanitarios que se ocupan de la atención médica y alimentaria de niños con malnutrición grave, y también para sus instructores y supervisores. Las directrices terapéuticas descritas en este documento pueden aplicarse no sólo en los hospitales, sino también en centros de alimentación terapéutica de emergencia y en centros de nutrición para la rehabilitación tras el tratamiento inicial en un hospital.
